Abstract. New homoligand and mixed-ligand adducts of the heavier alkaline earth metal (Ca, Sr, Ba) halides with oxygen-donor polyether ligands have been isolated and characterized and are compared with previously obtained compounds of the same class in order to give an overview on structures and properties. Homoligand halide adducts, discussed herein, are [CaI(DME) 3 ]I (1), trans-[SrI 2 (DME) 3 ] (2), trans-[BaI 2 (DME) 3 ] (3), (DME = ethylene glycol dimethyl ether), [CaI(diglyme) 
Introduction
The coordination chemistry of the heavier Group 2 metals (Ca, Sr, Ba) is of interest as a large variety of molecular or low-dimensional polymeric compounds, i.e, clusters, may be used as precursors to superconductors in CVD or sol-gel processes, [1] in synthetic chemistry, [2] and in organometallic synthesis with potential applications in catalysis. [3] Among synthetic routes used for the preparation of such alkaline earth metal derivatives, alkane/arene elimination, transamination, direct metalation, and transmetalation are dependent of the availability of the starting materials and some intrinsic properties of the ligands such as their pK a -values. This explains why the well established salt elimination route has become the most commonly synthetic strategy used in the s-block chemistry. One of the major problems of the synthesis of organo-alkaline earth metal compounds is their possible tendency to form insoluble polymers, [1, 4] on one hand due to their low metal oxidation state M II , which only allows two anionic ligands, and on the other hand, their large ionic radii, which demand a high coordination number. A parry to prevent a high degree of oligomerization is the use of neutral Lewis-coordinating ligands such as monodentate THF or multidentate polyether (or Introduction of the mono-coordinating THF ligand (THF = tetrahydrofuran) in the coordination sphere of 1, 2, 3, 4 allows the formation of the new mixed-ligand compounds trans-[CaI 2 (DME) 2 (THF)] (9), trans-[SrI 2 (DME) 2 (THF)] (10), trans-[BaI 2 (DME) 2 (THF) 2 ] (11), and trans-[CaI 2 (diglyme) 2 (THF) 2 ] (12). These compounds were obtained from the metal halide salts in solution with pure or mixtures of ether solvents. While compounds 1-8 appear to be very stable and non-reactive, adducts 9-12 present a comparable reactivity to the well known THF adducts [MI 2 (thf) n ] (M = Ca, n = 4; Sr, Ba, n = 5).
glyme) ligands, which avoid any further "metal-metal contacts" via bridging ligands, saturating the metal cation.
The salt metathesis route involves metal halides or pseudohalides as metal sources. Typically, MI 2 -salts are employed due to their higher solubility in weak polar organic solvents; however starting materials are often restricted to the THF-adducts due to their easy preparation and reactivity. They are commonly used for substitution reactions of at least one iodide. So the chemistry of metal halide or pseudo-halide adducts with neutral Lewis-coordinating ligands (usually non-polar aprotic solvents) is still not systematically studied, while their synthesis and characterization appear to be a useful endeavor. In the class of monomeric compounds, only few adducts of the heavier group 2 metal halides have been reported. Covalent species of the type MX 2 {Ligands} (X = halides) are the zero-dimensional compounds trans-[MI 2 (THF) n ] (M = Ca, [5] Sr, [6] Ba; [7] THF = tetrahydrofuran), trans-[SrI 2 (DME) 3 ], [8] trans-[BaI 2 (DME) 3 ] [9] (DME = ethylene glycol dimethyl ether, 1,2-dimethoxyethane), trans-[CaI 2 (DME) 2 (THF)], [10] trans-[CaI 2 (diglyme)(thf) 2 ], [11] trans-[CaI 2 (diglyme)(DME)] [12] (diglyme = diethylene glycol dimethyl ether), and trans-[BaI 2 (triglyme)(DME)] [9] (triglyme = triethylene glycol dimethyl ether). In these molecular compounds, the metal cation is always surrounded in linear or quasi-linear fashion by the two iodide anions. Only two cis-compound, cis-[BaI 2 (DME)(tetraglyme)] (tetraglyme = tetraethylene glycol dimethyl ether) and cis-[SrI 2 (diglyme) 2 ] have been described previously. [9, 13] In some cases, halide ions are replaced in the first coordination sphere of the metal atom by polyether oxygen donor ligands for instance, leading to ionic compounds of the type [MX{ligands}]X or [M{ligands)]X 2 such as [CaI(DME) 3 ]I, [13] [CaI(diglyme) 2 ]I, [14] or [Ba(tetraglyme) 2 ]I 2 ·C 7 H 8 . [9] All these
Published in " " which should be cited to refer to this work. covalent or ionic adducts are monomeric, mainly because of the absence of water in their coordination sphere. [7a] Indeed, in the latter case, it has been shown by the authorЈs group that the number of water molecules coordinated to the alkaline earth metals controls their dimensionality, iodide anions being linked to the cationic complexes by hydrogen bonding. Reactions of MI 2 and glymes containing Ͻ5 % water affords 0D-, 1D-, 2D-and 3D-polymers, respectively [BaI 2 (triglyme) 2 3 ) in order to, in a fundamental way, know and understand better the chemistry of s-block metal halides in aprotic solvents. We give an overview on the existing adducts, including literature known as well as new compounds. Secondly, we were interested in the study of the influence of the size of the ligand on the coordination sphere of the metal cation using monodentate and polydentate O-donor ligands. Finally, we wanted to compare the reactivity of the polydentate polyethercontaining molecular compounds with the THF adduct ones.
Results and Discussion
The first three title species [CaI(DME) 3 ]I (1), [13] [SrI 2 (DME) 3 ] (2), [8] and [BaI 2 (DME) 3 ] (3) [9] have already been reported. Whilst 1 was reported by the authorЈs group, 2 was obtained by Weber et al. using ammonia activation, and 3 was described by Mishra et al. from the redistribution reaction of NaBaI 2 (HFIP)(H 2 O)(THF) 0.5 (HFIP = OCH(CF 3 ) 2 ) in a THF/DME mixture, but for 3 no crystal structure was given. 1, 2, and 3 can easily be obtained directly by dissolving anhydrous AeI 2 (Ae = Ca, Sr, Ba) in hot DME. In an earlier paper, the authorЈs group reported the synthesis of the compound Li[{Ca 7 (μ 3 -OH) 8 4 ] with nBuLi.
[1f] In order to study the behavior and reactivity of [CaI(DME) 3 ]I, 1 was treated in a similar manner but no reaction occurred resulting in the recrystallization of the compound [CaI(DME) 3 ]I 1. Suitable crystals of 1, 2, and 3 were obtained from the reaction media.
Crystal structures of 1 and 2 are known and will thus only be shortly described here. However, for the first time, the crystal structure of trans-[BaI 2 (DME) 3 ] (3) is presented. These three homoligand species are monomeric in the solid state and clearly show the influence of the ionic radii of the alkaline earth metal centre on their molecular structures. A comparison of the DME adducts 1, 2, and 3 is given in Table 1 .
Compound 1, crystallizing in P2 1 /n, has two independent cationic molecules A and B per asymmetric unit. The calcium atoms are coordinated by five oxygen atoms of DME ligands, lying approximately in a plane, and one remaining oxygen atom of DME and an iodide in axial positions (Figure 1 ). This gives rise to cationic, distorted pentagonal bipyramidal species, with iodide as separate anions. Figure 1 . View of the cationic structure unit [CaI(dme) 3 ] + of molecule A in 1, hydrogen atoms are omitted for clarity, 30 % probability.
The corresponding I1-Ca-O2 angle in 1 is with 154.5(3)°f ar from linear, principally due to the bite angles of the DME ligands (63.7(4) to 68.8(3)°). The Ca-O distances are on average 2.423(2) Å long, and the Ca-I is 3.120(3) Å. The Ca···I distance to the free anion in 1 is greater than 5.8 Å.
With a larger ionic radii, the strontium metal cation in 2, trans-[SrI 2 (DME) 3 ], allows the coordination of three DME molecules in a propeller-like fashion and two iodide anions without Sr-I bonds cleavage leading to a neutral molecular species (Figure 2) . [8] The coordination sphere of strontium can thus be described as a distorted hexagonal bipyramid with the two anions in axial positions. The average Sr-I and Sr-O distances as well as the I-Sr-I angle are of values of 3.398(5) Å, 2.643(5) Å and 158.69(2)°respectively. Due to similar ionic radii (r Sr 2+ = 1.26 Å, r Eu 2+ = 1.25 Å, r Sm 2+ = 1.27 Å) [16] the structure of 2 can be related to the reported europium(II) and samarium(II) compounds trans-[LnI 2 (DME) 3 ]. [17] The last homoligand DME adduct trans-[BaI 2 (DME) 3 ] (3), which crystallizes in monoclinic C2/c, has a similar crystal structure to 2 (as it is observed for the THF adducts) where the barium cation is surrounded by the six oxygen atoms of the three DME ligands in an approximate plane and the two iodide ions in trans position, displaying a distorted hexagonal bipyramidal geometry (Figure 3 ). The average Ba-I distances of 3.479(1) Å are longer than previously observed Ba-I bonds lengths in other molecular barium iodide adducts with CN = 7 [7] and shorter than those in molecular barium iodide adducts with CN = 8, independent of the I-Ba-I angle (cis or trans Figure 2 . View of the molecular structure of 2, hydrogen atoms are omitted for clarity, 30 % probability. compounds). [18] Oxygen atoms of DME ligands are coordinated to the barium ion with distances ranging between 2.802(4) and 2.852(3) Å. The formal replacement of two DME molecules by the larger triglyme molecule affords [BaI 2 (dme)(triglyme)]. [9] This results in less steric repulsions between the O-donor ligands, the observed Ba-I distance of 3.441(5) Å is thus smaller than in 3. The I-Ba-I angle is slightly different from linear with a value of 170.251 (14) °p robably due to steric repulsions between the three DME ligands; but it is closer to linear than the one observed in 2 and [BaI 2 (dme)(triglyme)], the triglyme ligand shielding one face of the barium atom in the latter. It has been demonstrated that small polyether molecules (such as DME) may easily be replaced by larger ones (diglyme or triglyme for instance) if no changes in the structure occur, except for possible higher symmetries, and thus as long as the number of oxygen atoms remains constant.
[15b] This was con- (6) . The authorЈs group has already reported 4 in a private communication due to poor single-crystal data and 5, [13, 14] which will be shortly described here, while 6 is new in this series. A comparison of 4, 5, and 6 is given in Table 2 . (3) 60.03 (8) 57.20 (8) By formally replacing the three DME ligands by two larger diglyme molecules (CH 3 O(C 2 H 4 O) 2 CH 3 ), a similar compound to 1 can be obtained, namely [CaI(diglyme) 2 ]I (4) ( Figure 4 ). As expected, the total number of six coordinating O-atoms remains identical, and so does their arrangement around the cation. The calcium cation is thus surrounded by two diglyme ligands and one iodide anion, the second iodide anion being "free" as observed for compound 1. The Ca-O (average 2.42(3) Å) as well as the Ca-I bond lengths, 3.106(7) Å, are slightly shorter in 4 than in 1 but this can be easily understood by the relative bulkiness of the three DME vs. two diglyme ligands. The two terminal methylgroups of the DME ligands are formally replaced by one smaller ethyl-group in diglyme. Two larger ligands such as diglyme have fewer degrees of freedom than three DME molecules, and steric repulsions imposed between the three less bulky DME ligands are stronger than those with two larger diglyme ligands around the calcium atom. This results in longer Ca-X (X = O, I) bond lengths in 1.
As diglyme adduct of SrI 2 , only the compound cis-[SrI 2 (diglyme) 2 ] (5) is obtained, with two very similar, but independent molecules A and B per asymmetric unit. [13] In contrast to 1 and 4, the replacement of three DME coordinating molecules in 2 by two diglyme molecules in 5 shows strong effects ( 2 ], which have actually been isolated both from the same solution. [19] The former compound presents a similar geometry, bond lengths and angle values as observed for 2. A trans-Sr-compound was however never isolated in our laboratories, yet we cannot exclude its existence. Again, a comparison with trans-[BaI 2 (dme)(triglyme)] [9] is interesting as the number of O-atoms remains identical -so does the geometry around the barium cation (Figure 7) . However, the Ba-I distances are elongated and the Ba-O bond lengths shortened compared to 6, and the I-Ba-I angle is also far from linear. These differences may be explained by the large difference in bulk of the two O-ligands which results in stronger steric repulsions.
Dissolving 
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A comparison of the triglyme adducts 7 and 8 is given in Table 3 . Table 3 . Comparison of bond lengths and angles of triglyme adducts 7 and 8.
The structure of both compounds is reminiscent of the calcium compounds 1 and 4 in so far as it is built up from a cationic unit (consisting of a metal cation to which one iodide and two O-donor ligands are bonded) and a separate iodide as counter ion (Figure 8 and Figure 9 ). Whereas for strontium, the trans-compound 2 in DME is afforded and in diglyme the cis-conformation is preferred (5), the triglyme ligands seem to be too large to be accommodated together with two iodide anions in the coordination sphere. This effect is also observed for the barium compound 8, and both cations reach thus a coordination number nine. Their coordination geometry can roughly be described as a distorted tricapped trigonal prism. For 7, two oxygen atoms of one ligand and one oxygen atom of the other triglyme ligand form each triangular face (O1, O2, O5 and respectively O4, O7, O8). The iodide anion and the last oxygen atom of each triglyme ligand (O3 and O6) cap the three square faces of the prism. In 8, the first trigonal face is formed by three oxygen atoms of one triglyme ligand (O6, O7, O8), the second one by the last oxygen atom of this ligand and two oxygen atoms of the other triglyme ligand (O2, O3, O5). The first and the last oxygenatoms of the second triglyme ligand (O1 and O4) and the iodide ion cap the three square faces of the prism.
The fact that the coordination number becomes larger in 7 and 8, makes that the M-X (X = O, I) bond lengths logically longer on average compared to distances observed in previous molecular compounds 2 and 5 for strontium, and 3 and 6 for barium. The Sr-O bonds vary between 2.614(3) and 2.717(5) Å and the bite O-Sr-O angles of triglyme ligands vary between 59.98(6) and 63.91(9)°. The Sr-I bond at 3.485(4) Å in 7 is by 0.1 Å and 0.16 Å larger than the Sr-I distances observed in 2 and 5 respectively. This gives a cationic species, the counter ion I2 not being bonded at all to the cationic unit since all further Sr···I contacts are larger than 6.43 Å. An analogue to 7 with pseudo-halides is [Sr(NO 3 )(EO3) 2 ](NO 3 ) (EO3 = triethylene glycol), [20] where one anion is directly bonded to the cation whereas the other is weakly linked via hydrogen bonds to an OH group of one of the polyglycols. Regarding 8, the compound cis-[BaI 2 (dme)(tetraglyme)] [9] is the only known adduct presenting similar coordinating ligands. Even if both compounds present the same coordination number, the introduction of one smaller and one larger ligand (DME and tetraglyme) instead of two identical triglyme ligands allows the coordination of the two iodide ions in cis-position. The Ba-O bonds vary between 2.777(7) and 2.867(5) Å and the bite O-Ba-O angles of triglyme ligands vary between 56.92(3) and 60.56(2)°. The Ba-I bond length at 3.534(3) Å is much longer than the Ba-I distances observed in 3 and 6. This Ba-I distance bond length is generally observed for μ-bridging iodide anion, not for terminal ligand. This gives a cationic species, the counter ion I2 not being bonded at all to the cationic unit since all further Ba···I contacts are larger than 6.60 Å. Replacing triglyme by tetraglyme leads to the ionic species [Ba(tetraglyme) 2 ]I 2 , [9] in which none of the iodide ions remains in the coordination sphere of the cation.
As often observed due to Schlenk equilibrium and already reported, alkaline earth metal iodides in presence of bidentate and bulkier polydentate O-donors form very stable species. The chelating nature of the glyme ligands tends to shield the cations very well and saturate their coordination spheres, which results in a loss of reactivity. We wanted to see if the introduction of a more labile THF molecule induces enhancement of the reactivity, opening the coordination sphere of the metal complex. Thus, mixtures of dried and distilled THF and ethereal ligands (DME and diglyme) in different ratios were prepared and added to MI 2 (M = Ca, Sr, Ba). Some have been obtained and characterized, namely trans-[CaI 2 (dme) 2 (thf)] (9), [10] trans-[SrI 2 (dme) 2 (thf)] (10), trans-[BaI 2 (dme) 2 (thf)] (11), and trans-[CaI 2 (diglyme)(thf) 2 ] (12); [11] their solid state structures are described below. A comparison of the DME/THF adducts 9, 10, and 11 and the diglyme/THF adduct 12 is given in Table 4 .
Redistribution reactions between O-donor solvents are common with organo-alkaline earth metal compounds. For instance, Westerhausen and co-workers described the recrystallization of [(1-naphthyl)Ca(thf) 4 ]I 2 from DME leading to the formation of trans-[CaI 2 (dme) 2 (thf)]. [10] Similarly, the reaction of CaI 2 with a 1:1 mixture of DME and THF leads also to the crystallization of the compound trans-[CaI 2 (dme) 2 (thf)] (9) in high yield and purity. The same coordination number and geometry as for the trans-[MI 2 (thf) 5 ] adducts (M = Sr, [6] Ba [7] ), trans-[CaI 2 (diglyme)(dme)], [12] 1 and 4 are observed: seven and a pentagonal bipyramid (Figure 10 ).
However, with the smaller calcium atom, the geometry does not fit that well the almost perfect pentagonal bipyramid of the THF compounds anymore, but resembles more a very distorted one as observed in the trans-[CaI 2 (diglyme)(dme)] adduct [12] Figure 10 . View of the molecular structure of 9, hydrogen atoms are omitted for clarity, 30 % probability.
( Figure 11 ). The Ca-I bond lengths and I- 4 ]. [5] The O-Ca-O angles of neighboring oxygen atoms vary considerably from the ideal value of 72°with values at 67.42(6)°(bite angle of DME ligands), 76.34(8)°(angle between DME molecules) and 77.01(4)°(angles between DME and THF). Compared to the pure DME adduct [CaI(dme) 3 ]I (1), [13] one of the three bidentate DME ligands has been replaced by one monodentate THF molecule, the missing oxygen being replaced by the second iodide anion leading no more to a separate ion-pair compound.
Following the same procedure with SrI 2 , only the compound trans-[SrI 2 (dme) 2 (thf)] (10) is obtained. In its structure ( Figure  12 ), the strontium cation is surrounded, as for 9, by two DME ligands and one THF molecule as O-donor ligands and two iodide anions. The structure can also be described as a distorted pentagonal bipyramid, the two iodide anions being in axial positions with Sr-I bond lengths of 3.253(5) Å. These distances are slightly longer than those observed in [SrI 2 (thf) 5 ], [6] but shorter than the ones observed in [SrI 2 (HOCH 3 ) 3 (TMEDA)] (TMEDA = Me 2 NCH 2 CH 2 NMe 2 ), [21] compounds with the same coordination number seven. They are relatively smaller than those observed in 2, due to its lower coordination number (eight in 2). The Sr-O bond lengths vary between 2.515(5) and 2.634(5) Å, the shortest being the Sr- O(THF), and are smaller than the Sr-O distances observed in 2, 5, 7 due to a lower coordination number (CN7), but correspond well with those in [SrI 2 (thf) 5 ]. [6] As 9, the geometry does not fit that well the almost perfect pentagonal bipyramid of the pure THF-compounds [SrI 2 (thf) 5 ] [6] and [BaI 2 (thf) 5 ].
[7]
The O-Sr-O angles of neighboring oxygen atoms vary considerably from the ideal value of 72°with values at 64.66(5)°( bite angle of DME ligands), 77.95(6)°(angle between DME and THF ligands) and 79.49(1)°(angle between DME ligands). Compared to 2, the I-Sr-I angle is much more linear with a value of 178.64(4)°, probably due to the decrease of the steric repulsions between the O-donor ligands with a lower coordination number (seven in 10 instead of eight in 2). This I-Sr-I angle is very similar to those observed in trans-[MI 2 (thf) 5 ] (M = Sr, [6] Ba [7] ), [CaI 2 (diglyme)(dme)] [12] and 9. Some divalent rare earth metal complexes with mixture of ethereal ligands, namely THF and DME have been reported, among of them trans-[SmI 2 (dme) 2 (thf)] and trans-[SmI 2 (dme) (thf) 3 ]. [22] The former compound has an isomorphic structure to 10 as well as a similar synthetic procedure, but it was not possible to isolate the latter compound.
When BaI 2 is used, the trans-[BaI 2 (dme) 2 (thf) 2 ] (11) is isolated. With a coordination number of eight, the coordination sphere of the barium cation in the complex 11 can be described as a distorted hexagonal bipyramid ( Figure 13) .
The Ba-I bond lengths with 3.448(3) Å are consistent with values observed in trans-[BaI 2 (dme)(triglyme)] [9] but smaller than those observed in other eight coordinated molecular barium adducts [18b,18c] including 3. They are however longer than the Figure 12 . View of the molecular structure of 10, hydrogen atoms are omitted for clarity, 30 % probability. Figure 13 . View of the molecular structure of 11, hydrogen atoms are omitted for clarity, 30 % probability.
Ba-I distances in 6, due to the entropic effect of smaller ligands, diglyme ligands in 6 have less degrees of freedom as cited before and thus, repulsions between these ligands are smaller. They are also longer than Ba-I distances in trans-[BaI 2 (thf) 5 ] [7] due to a larger coordination number. The I-Ba-I angle, with a value of 154.90 (1) [9] This is probably due to steric repulsions between the four ethereal ligands, the two DME ligands shielding one side of the barium cation, the other side being shielded by the two THF molecules.
As discussed above, for an equal number of oxygen atoms, larger ligands are less sterically demanding than smaller one. These O-donor ligands are coordinated to the barium cation with Ba-O distances ranging between 2.755(3) and 2.852(3) Å. In 11, contrary to the other mixed-ethereal ligand adducts 9 and 10, the Ba-O(thf) bond lengths are not the shortest ones with Ba-O(thf) = 2.763(3) Å on average. These distances are longer than those observed in the compound trans-[BaI 2 (thf) 5 ] [7] and correspond well with Ba-O bonds lengths in 3 and 6. The OBa-O angles in 11 vary from 58.33(9)°(bite angle of the DME ligands), 68.77(1)°(angle between DME and THF ligands) to a very large angle of 79.43 (1) 
°for the O(THF)-Ba-O(OTHF).
The recrystallization of CaI 2 in a 1:1 mixture of freshly dried and distilled diglyme and THF affords the compound trans-[CaI 2 (diglyme)(thf) 2 ] 12 ( Figure 14) . This compound has already been reported by Westerhausen and co-workers in the redistribution reactions of [(1-naphthyl)Ca(thf) 4 ]I 2 in diglyme. [11] In 12, the Ca-I bond lengths of 3.1182(7) and 3.1208(7) Å and the I-Ca-I bond angle of 175.62(3)°are only slightly shorter, respectively lower than values observed in trans-[CaI 2 (diglyme)(dme)]
[12] and 9. As described above for 1 and 4 (and respectively 2 and 5, 3 and 7), small polyether molecules (such as THF) can easily be replaced by larger ones, DME for instance, without changes in the structure as long as the number of oxygen atoms remains constant. But what happened when larger ligands are replaced by smaller ones? The coordination spheres of 12 and trans-[CaI 2 (diglyme)(dme)] are very similar with only the formal substitution of the two THF molecules in 12 by one larger DME ligand in trans-[CaI 2 (diglyme)(dme)]. In both compounds, the Ca-O bonds in average are similar (Ca-O = 2.461(4) Å in 12). Usually, the coordination number of seven in the form of a pentagonal bipyramid is observed with distortion, at least one oxygen atom being out of the mean plane formed by the oxygen atoms of the ligands. This is observed in compounds trans-[CaI 2 (diglyme)(dme)] and 9, but not in 12. In 12, all oxygen atoms of the ligands, as well as the calcium cation, are in the same plane, no distortion is observed probably due to higher degrees of freedom for THF ligands. On the other hand, the O-Ca-O angles in 12 vary considerably from the ideal value of 72°with values comprised between 65.52(9) (one of the bite angles of the diglyme ligand) and 78.84(9)°(angle between O4(thf) and O3(diglyme)). 
Discussion of Reactivity
A comparative study on the reactivity of the species 9-12 has been undertaken in order to evaluate whether the introduction of labile THF molecule(s) in the coordination sphere of the alkaline earth metal iodide adducts could improve their reactivity compared to the homoligand species 1-8. First, it has to be noted that all compounds 1-12, are monomeric in the solid-state. Indeed, in their crystal packing no I···H contacts shorter than 3 Å are observed, only very weak O···H (approx. 3 Å) interactions in compounds 2, 5, 7 and 11 may be identified but are too weak to consider polymeric structures.
Whereas the homoligand adducts 1-8 are stable and unreactive species towards group I alkoxides or organo-alkali reagents, results show that the THF-mixed ligand adducts 9-12 present at least comparable reactivity than the pure THF-adducts. For example, reactions of trans-[CaI 2 (thf) 4 ] [5] or the adduct trans-[CaI 2 (dme) 2 (thf)] (9) with LiOtBu or LiOPh lead respectively to the products [ICa(OtBu) 4 {Li(thf)} 4 (OH)] or [CaLi 6 (OPh) 8 (thf) 6 ]. [23, 24] However, in the former case, while a large excess of the reagent LiOtBu is required to react with the adduct trans-[CaI 2 (thf) 4 ] to ensure the formation of the mixed-metal cluster [ICa(OtBu) 4 {Li(thf)} 4 (OH)]; with 9, only four equivalents are sufficient. However, the presence of the polydentate glymes ligands (DME or diglyme) in adducts 9-12 does not influence the coordination sphere of the metal ions in the resulting complexes. Changes were only observed after recrystallization of THF-containing products in glymes, when e.g. two molecules of a Li 6 Ca-compound are transformed into a Li 2 Ca 2 -derivative, setting free LiOR. [23, 24] Similar behavior is observed for the THF-mixed ligand derivatives of the heavier alkaline earth metals strontium and barium. 
Conclusions
We synthesized a series of homo-and mixed-polyether adducts of the heavier alkaline earth metal halides, using DME, diglyme and triglyme as well as mixtures of THF and, DME or diglyme. While for the homo-polyether adducts 1-8, there is a strong relationship between the size of the ligands and the ionic radii of the metals on the nature of the adducts (cis or trans, neutral or ionic compounds), the presence of THF allows the stabilization of the trans and neutral mixed-polyether adducts 9-12. Furthermore, the homoligand adducts 1-8 are stable species (as often observed in redistribution reactions) and do not show any further reactivity due to the strong coordination (chelate effect) of only polydentate O-Lewis base donor ligands. Compound 1, 4, 7 and 8 are rare examples of cationic species in which a cationic complex is paired with a separate anion. On the contrary, the mixed-ligand species 9-12, with the presence of the monodentate ligand (THF) are all neutral adducts. Moreover, the lability of THF allows the formation of as reactive complexes as the well-known THF-adducts.
Experimental Section
General: All reactions were carried out under argon using Schlenk tubes and vacuum line techniques. Anhydrous AeI 2 (Ae = Ca, Sr, Ba) or hydrated AeI 2 .nH 2 O were purchased from Aldrich and dried under vacuum for half an hour at 300°C in order to remove residual amounts of free iodine and water. Solvents, THF and glymes MeO(CH 2 CH 2 O) n Me (n = 1 (DME), 2 (diglyme), 3 (triglyme)), were dried and distilled over sodium/benzophenone ketyl prior to use. IR spectra were carried out on a Perkin-Elmer Spectrum One IR spectrometer on CsI plates in Nujol or acquired on a Shimadzu FTIR-8400S spectrometer equipped with Golden Gate ATR (attenuated total reflection) system.
Elemental analyses for compounds 1-12 are uncorrected. For 1-3 and 9-12, crystals easily liberate thf or dme molecules and decompose when they stay not in contact with the mother liquor, whereas for 4-8, crystals are difficult to dry due to the high boiling point of diglyme and triglyme. [SrI(triglyme) 2 ]I (7): SrI 2 (0.382 g, 1.12 mmol) was dissolved in triglyme (50 mL), followed by heating to reflux until complete dissolution of SrI 2 . The solution was then left to stand at room temperature. After one week, colorless single-crystals grew in a 61 % yield with respect to SrI 2 . The differences between found and calculated values are due to the solvent, which remained on the crystals as they couldn't be dried under vacuum, and decomposed rapidly if left in air. Anal. Calcd [BaI(triglyme) 2 ]I (8): BaI 2 (0.403 g, 1.03 mmol) was dissolved in triglyme (50 mL), followed by heating to reflux until complete dissolution of the BaI 2 . The solution was then left to stand at room temperature. After three days, colorless single-crystals grew in a 56 % yield respect to BaI 2 . The differences between found and calculated values are due to the solvent, which remained on the crystals as they couldn't be dried under vacuum, and decomposed rapidly if left in air. Anal. Single Crystal X-ray Structures: All crystals were mounted on loops and all geometric and intensity data were taken from one single crystal. Data collection using Mo-K α radiation (λ = 0.71073 Å) was performed at 203 K on a STOE IPDS-II diffractometer equipped with an Oxford Cryosystem open flow cryostat. [25] Absorption correction was partially integrated in the data reduction procedure. [26] The structure was solved by SIR 2004 and refined using full-matrix least-squares on F 2 with the SHELX-97 package. [27, 28] All heavy atoms could be refined anisotropically. Hydrogen atoms were introduced as fixed contributors when a residual electronic density was observed near their expected positions. Table 5 contains the crystallographic data and details of the structure analyses of compounds 3, 6, 7, 8, 10 and 11.
Crystallographic data for the structures 3, 6, 7, 8, 10 and 11.have been deposited with the Cambridge Crystallographic Data Centre with the CCDC No. 875807 (3), 875447 (6), 75450 (7), 875446 (8), 875451 (10), and 875448 (11) . Copies of the data can be obtained free of charge on application to CCDC, 12 Union Road, Cambridge CB21EZ, UK (Fax: +44-1223-336-033; e-mail: deposit@ccdc.cam.ac.uk).
